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High-brightness highlights 
Figure 1. PathLED flexible LED 
lighting for channel letters 
from LEDTronics Inc, showing 
both the mixing of co/ours 
and flexibility of an LED light- 
ing strip compared to glass 
tube lighting. 
At LED-2001 new insights were provided into both 
the ways of advancing market acceptance for 
high-brightness (HB) LED products and the grow- 
ing number of HB-LED applications. Judging from 
the wide range of LED-based products and equip- 
ment offered by the exhibitors, it is clear that 
many markets will develop rapidly as the per- 
formance and light output continues to advance. 
annually, but currently use of LEDs for lighting is 
minutel, even though they could save as much as 
SO% of the power demand for lighting. 
However, this situation may change in the longer 
term as the power output of white-light LEDs 
increases and the cost per lumen drops.The 
Department of Energy (DOE), recognizing the 
benefits of HB-LEDs, allocated a US$6m budget 
for promoting of solid-state lighting and is pro- 
moting collaboration on technical standards. 
Cooperation with international groups is also 
being established. 
The leading markets for HELEDs remain large 
signs (both static and video), cell-phone back- 
lights, automotive applications, coloured illumi- 
nation and signalling.This demand is supported 
by over 30 LED manufacturers worldwide. 
LED recognition One field where LEDs are gradually taking market 
share (and where there continues to be growth) 
Also critical for new market penetration by LEDs is the large-sign market segment (e.g. billboards 
are administrative changes by powerful industry and “Jumbotrons”). Here, LED signs - with sales of 
groups to recognize the value of LED-based prod- over US$300m per year - are now believed to 
ucts and their benefits.The addition last April of represent more than 50% of the market. 
a solid-state lighting section by the USA’s National Emerging growth opportunities such as intelli- 
Electrical Manufacturers Association (NEMA) is gent lighting, dramatic lighting, architectural and 
therefore a milestone.Acceptance by NEMA - building lighting, task lighting, and aviation and 
which has over 450 member companies, eight hazardous applications are also on the horizon. 
industry and 53 product sections, representing However, for new market growth to be sus- 
over US$lOObn in revenues and half a million tained, system technologies must continue to 
employees - will make the development and improve. Better heat removal and the provision 
incorporation of LED lighting systems much sim- of matching optics will become more important. 
pler in the future and provide US support for the Unfortunately, the large-scale use of white LEDs 
benefits offered by advanced HB-LEDs. for general lighting is still some years away. 
LEDs and lighting demand Disruptive technology 
Worldwide, the consumption of power for light- In some markets, the introduction of LED lighting 
ing is huge - in the range of 800TerraWatt-hours. is a gradual process, attracting wider use as the 
In the USA about 130 TW-hr of electricity are used performance of the LED-based lighting system 
annually for residential lighting and a further improves. However, in other markets the LED has 
70 TW-hr for commercial buildings - an amount been called a disruptive technology, referring to 
equal to about 20% of the total power generated those fields in which its benefits rapidly dislodge 
in the USA.The lighting market is about US$12bn existing lighting methods and systems. 
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Examples of LED applications which are disrup 
tive include products supported by special pro 
grammes, such as those which carry a significant 
subsidy from either a state government or utility 
company (such as traffic light systems) and those 
which have been mandated by state ordinance 
(e.g. Energy Star LED exit signs for building safety). 
Other disruptive LED technologies include prod- 
ucts that provide benefits not previously avail- 
able, such as greatly reduced power requirements 
or l@fold increases in lifetimes (providing 
previously unavailable system lifetime benefits). 
Clearly, quite a few LED applications are potentially 
disruptive. In such cases, unless rapid product 
changes are incorporated, an existing luminaire 
manufacturer could be over-taken in the market- 
place by newcomers marketing new LED lighting 
units that are better suited to the application. 
However, should the new units not be plug-m 
compatible, the LED application will probably 
require additional customer education and a bet- 
ter understanding of the customer requirements 
than needed by the previous illumination providers, 
extending the original product lifetime. If properly 
introduced, there could still be a disruptive market 
advantage to the maker of the new product. 
In the US, the electric sign business is well 
established and was worth over US$Sbn in 
2000. Its main segments are manufacturers of 
production and custom signs, sign installers, 
project designers and architectural sign compa- 
nies.About half of the installed signs use fluores- 
cent illumination and another 40% use neon, 
with an estimated annual value of over US$ 1.4bn 
(only about 10% of this amount is for the Iight- 
ing elements). 
The neon sign business is a large niche market 
and is well entrenched, with a 5Gyear history 
and simple material requirements (glass, sheet 
metal and plastic).Although neon signs currently 
have an initial cost advantage over LED-based 
units, the LED is considered a disruptive technol- 
ogy for neon and its availability has generated an 
abundance of controversy Should the LED live 
up to its promise, the neon industry could be 
decimated. Hence, there is a great deal of misin- 
formation being supplied by both parties. Pub 
lished statements - such as the power consump- 
tion of LED lighting being only 10% of that of 
neon lighting - stretch the imagination, especially 
without any definition of the conditions to sup- 
port this value. Such statements can often lead to 
unachievable claims and misled customers. 
With the possible exception of the green wave- 
lengths (where neon is quite efficient), lower 
LED power consumption is a fact of life. How- 
ever, true LED savings are realistically 20-80% - 
the actual value depends on the colour being 
supplied, the circuitry and the LEDs being used. 
Other stated benefits for LEDs include: 
l integration of multiple colours in the same strip; 
l configuration in flexible strips LEDs (Figure l), 
rather than breakable glass; 
l long lifetimes; 
l the ability to operate at low temperatures; and 
l single-digit voltage ranges per LED (versus 
kilovolt requirements for neon). 
However, for any benefits of LEDs to be real, the 
replacement lighting needs to be well made, to use 
specifically qualified LEDs, properly heatsinked 
supports and regulated power supplies - qualities 
that were not always present in early products. 
The argument in favour of neon lighting high- 
lights the worst examples of poor LED perform- 
ance, such as low light output levels, non state-of 
the-art LEDs, the use of less than the optimum 
number of LEDs per string (to get high power 
consumption?), the use of poorly heat-sinked or 
over-rated LEDs, and high prices for modulesAny 
of these factors could lead to distorted cost and 
Figure 2. (a) The statue in the 
Thomas Jefferson Memorial 
was illuminated by high-pres- 
sure sodium lamps, casting it 
in a yellowish hue. 
(b) New high-intensity dis- 
charge SYLVANIA Metalarc 
lamps have extracted its truer 
co/our, while more than 
17,000 points of light from 
L EDs installed 
by SYLVANIA L/GHT/NG SER- 
WCf5 on a narrow /edge light 
the surrounding text, now 
readable even in twilight and 
night-time conditions. 
(Copyright Peter AaronlEsto 
National Park Service-National 
Capita/ Parks-Central) 
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Figure 3. Orphans in 
Khatmandu, Nepal using a 
white light emitting diode 
(WLED) to read. 
performance comparisons that benefit neon 
applications. Only time and experience will tell 
which party is closest to the truth! 
In contrast, non-disruptive products usually 
either provide improvements in existing prod- 
ucts (and a gradual change in the existing mar- 
kets) or create totally new markets (without sig- 
nificantly affecting existing products). 
Night lighting 
The ability to work at night has some interesting 
art history. Gauguin had gas lighting installed in 
1888 so that he could paint after dark. However, 
the installation was not a complete success since 
colour rendition now became a problem - the 
colours that he painted at night did not look the 
same when he then viewed them in daylight. 
Similar differences still occur with the various 
types of existing “white” light sources, including 
the “white” LED lightThe tint produced by a 
white LED depends on the method of light gen- 
eration (blue LED + yellow phosphor; red, blue 
and green LEDs; or violet LED + red, blue and 
green phosphors). Colours viewed under these 
“white” lights would not be the same to the eye 
Figure 4. A nine-LED WLED 
lamp being evaluated for an 
operating theatre lighting 
system in India. 
as in daylight.Additionally, the colour of a white 
LED can also vary with the voltage applied.Thus, 
the problems that can occur when comparing 
light from low- and high-power incandescent and 
fluorescent lamps can also occur in colour-criti- 
cal white LED applications, unless attention is 
paid to control of the colour rendition index and 
the current/voltage parameters. 
Alternatively, the variations in colour rendition 
from LED lighting systems can be used to advan- 
tage.A small number of coloured LEDs can be 
included and served by a separate circuit to vary 
the “warmth effect” of the lighting. Such a tech- 
nique - using yellow-amber LEDs in conjunction 
with white LEDs (one yellow per 10 white) - 
was recently used by Osram-Sylvania to modify 
the “white” colour in part of the latest night- 
lighting system recently installed at the Jefferson 
Memorial in Washington DC (see Figure 2). In 
previous lighting systems the interior dome ceil- 
ing and text had never been illuminated because 
of technology issues and the problems associat- 
ed with the maintenance of 50 ft-high ceiling 
lights. In the latest lighting design, a 750 ft light- 
ing strip (containing 17,000 LEDs) has been 
used to illuminate the ceiling, including the 
Jefferson quotation (which “is easily readable 
from more than 50 ft”).According to Osram’s 
Dwight Kitchen, a service life of over 20 years is 
anticipated (based on a daily use cycle of 7 hr). 
The market potential for the LED lighting and/or 
colour accentuation of large outdoor structures 
such as buildings, bridges and historical struc- 
tures could be enormous. 
lighting for the people! 
The University of Calgary’s David Irvine-Halliday 
(also of the Light Up The World project) covered 
an unusual market for white LEDs which exists 
now, can use current technology, and is usually 
over-looked by developed countries. For billions 
of people in the underdeveloped world, night- 
lighting is either nonexistent or consists of can- 
dles, kerosene or oil lamps. Here, where absolute 
colour rendition is not important, a seven-unit 
white LED lamp provides more light than previ- 
ously available for a consumption of just 1 W 
This simple LED lamp enables the further educa- 
tion of children and families, whilst providing a 
significant humanitarian benefit. Also, the risk 
from accidental fires is reduced and the indoor 
pollution from the candle or oil-burning source 
is eliminated. Because of the low power demand, 
the LEDs’ batteries can easily be recharged from 
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solar, water, wind power or personal mechanical 
pedal generator sources (see Figure 3). 
For example, a pedal-power generator has been 
developed by the project Association for India’s 
Development (AID) - based in College Park, MD, 
USA (www.aidindia.org/hq/projects/illus/pedal.- 
htm).While jumping or rurming our legs are gen- 
erating 50-200 W of power. If this is converted to 
electricity and stored in a battery then it can be 
used at night-time for lighting purposes. Pedalling 
on a Bijli Bike pedal power generator for 15 min- 
utes during the day can run one 11 W compact 
fluorescent light (CFL) bulb for an hour at night- 
time, and a 1 W LED for more than 10 hours. 
Similar white LED lamps are also being evaluated 
for an operating theatre lighting system in India. 
In this application, the lower heat output of 
LEDs could be advantageous (see Figure 4). 
Aviation use 
Another emerging market for HB-LEDs was 
described by John Petrick of TWR Lighting Inc. 
For aircraft lighting, HB-LED light output is now 
adequate for external uses such as warning light 
applications and external aircraft lighting/promo- 
tional lighting. It would also reduce onboard 
power consumption. Externally, the long operat- 
ing lifetime of LEDs (several years) would be a 
major benefit and provide system operating cost 
reductions due to lower maintenance require- 
ments.Also, lO- or 2@fold lifetime improvements 
may be possible for LED-based flashers over cur- 
rent flash strobe lights (which usually have useful 
opemtinglifetimes in the range of 100 hours). 
In the longer term, aircraft interior lighting will 
also benefit from HELEDs. Scott Magnum of 
Honeywell Aerospace Electronics Systems says 
there are currently more than 20,000 commer- 
cial transport, 18,000 business and regional air- 
cmft and a similar number of civil helicopters in 
operation worldwide.About two thirds of each 
operate in the North American market area, gen- 
erating a total aviation lighting market estimated 
to be about US$400m in 2000 (the approximate 
market shares are shown inTable 1). 
Almost all of this - plus demand from new aircraft 
deliveries - will be open to HB-LED products in 
the future, even though there are some potential 
challenges for aircraft use.Their solid-state prop 
erties offer application advantages, such as resist- 
ance to vibration, small space requirements, the 
ability to use low-voltage circuitry and resistance 
to corrosive environments (both internal and 
Table 1. Aircraft interior 
~~.__~ lighting demand by industry 
Commercial transports 50% segment. 
Military aircraft 17% 
Regional transports 15% 
Business & general aviation 12% 
Civil helicopters 4% 
external), so technical benefits will be many-fold 
and the system-operating cost savings from bulb 
replacement (years versus months) could be sig- 
niBcant.Additionally, their lower heat output, low 
voltage requirements and their ability to operate 
at low temperatures could provide further margins 
of safety and incentives for market acceptance. 
LED manufacture 
Most high-brightness LEDs are produced by 
MOCVDAIXTBON’s B Schulte reported on the 
increases in wafer capacity recently made avail- 
able from its standard machines and the expan- 
sion of its reactor production capacity to 380 
units per year. In the new production formats, for 
AlInGaP reactors with 49 x 2” wafer capacity are 
now available (up from 35 x 2”); for gallium 
nitride alloys the 11 x 2” systems are upgradeable 
to 24 x 2”. With higher-capacity reactors also now 
available fromThomas Swan (using the shower 
head design technology), the production equip 
ment choice for the HELED manufacturer contin- 
ues to improve. 
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